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In order to better understand the mechanics of the reaction, specifically the hitch in past attempts to 
decarbonylate with a saturated backbone, 13C NMR spectra were taken after each component of the reaction 
were individually added. The reaction was further tracked by in situ IR. Both studies suggest that the  
insertion of the Ni into the imide does not occur with the saturated backbone. 
A: Oxidative Addition 
B: Migration 
C: Transmetallation 
D: Reductive Elimination 
 
The decarbonylation reaction is stoichiometric  
in nickel due to the interaction between the catalyst 
and carbon monoxide generated upon  
decarbonylation of the imide. Back bonding between 
the electron rich metal center and the π accepting  
carbonyl forms a strong bond that does not dissociate  
to regenerate the active catalyst. 
Previous research established that the decarbonylative nickel-mediated 
cross coupling reaction of N-substituted cyclic imides with 
diorganozinc reagents is possible with a range of phthalimide 
substitution. The scope of the reaction was further expanded with a 
wide variety of diorganozinc reagents.  
 
 
 
 
 
 
 
Further research is underway to develop reaction conditions that 
promote catalyst turnover, and to expand the scope to imides with 
saturated backbones.  
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The decarbonylation of N-substituted phthalimides proceeds successfuly 
with a variety of substitutions and nucleophiles. In order to widen the scope 
of the reaction, we are exploring imides with a variety of backbones and 
phthalimides directly substituted with heteroatoms. Preliminary results 
indicate that imides with a cyclohexyl backbone will decarbonylate a small 
amount in toluene using tri-t-butyl phosphine tetrafluoroborate as a ligand. 
 
  
                            
 
 
Methoxy and hydroxyl N-substituted phthalimides have shown to 
decarbonylate with an increased catalyst turn over than previous aryl or 
alkyl substitutions.  
     
      
 
The scope of the reaction could be further expanded with cyclohexyl 
backbones.  
 
 
 
 
The mechanistic studies via 13C NMR and in situ IR indicate that the Ni 
does not insert into imides with a cyclohexyl backbone. These findings 
encouraged the use of more sigma donating ligands, such as tri-t-butyl 
phosphine tetrafluoroborate. Mechanistic studies via in situ IR are ongoing 
in order to better support our preliminary findings, and increase our 
understanding of the unsaturated mechanism.  
 
Altering the nucleophile used in this reaction could effect the success of the 
decarbonylation. Because the backbone is saturated the carbons are sp3 
hybridized. The ethyl group from Et2Zn being added is also sp3 hybridized. 
The interaction between the two bulky orbitals could be causing the reaction 
to fail. Changing the nucleophile to a species that is sp2 or sp hybridized 
may promote decarbonylation. 
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The spectra of the reactions using phthalimide 
showed the formation of intermediates, 
suggesting this possible metallacycle. 
Unlike spectra containing phthalimide, the 
reactions using a cyclohexyl backbone imide 
did not show the formation of new species. 
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MECHANISTIC EXPLORATION 
Upon further investigation of the decarbonylation of these cyclic imides, it was found that 
catalyst turnover is achieved with the use of electron deficient N-substitutions. 
Preliminary results: 
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